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Introduction
The following experiments were designed to create a dosed loop
in the carotid artery of the rabbit for the purpose of studying its
reaction to various injuries. This vessel is chosen because it lends
itself readily to experimental approach and has few large branches.
The technical procedure involved in creating a closed loop of artery
is in itself sufficiently injurious to the vessel wall to cause a reaction;
this reaction to double ligation has been studied in order to afford
a control for the subsequent experiments in which irritants were
placed within the lumen of the closed portion of the vessel. The
substances used, namely, tuberde bacilli, cholesterol, Streptococcus
viridans, streptococcus autolysate, and silica, were chosen because of
the ease with which the cellular reactions they induce may be recog-
nized histologically. Reference is made to previous observationst
on the absorption of readily diffusible substances placed in such a
closed loop.
Materials and Methods
Young, apparently healthy rabbits of both sexes and of several different
breeds were used. They were fed on kale and oats and ranged in weight
from 4 to 7.5 pounds.
The animals were anesthetized with a solution of nembutal. Under
aseptic conditions the carotid artery was exposed and a stretch of vessel about
2 cm. long was freed from the surrounding tissue with as little trauma as
possible. If visible branches were encountered they were doubly ligated and
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cut, or the other carotid used. A silk ligature was then applied at the
proximal end of the stretch and pulled tight without excessive force. The
blood was gently milked with a smooth instrument from the site of this
ligature to the distal end of the stretch, where a second ligature was immedi-
ately applied. In the experiments on simple double ligation, described in
the next section of this paper, the operative procedure was terminated at
this point and the wound closed.
In the experiments in which an injurious agent was introduced, a third
ligature was placed, but not tied, near the second one. A hypodermic needle
attached to a tuberculin syringe was then carefully passed through the wall
into the lumen of the ligated portion, as shown in the accompanying cut.
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The third ligature was tightened about the barrel of the needle, and the
ends of the thread were held under firm tension while the injection was made.
The ligature was then pulled tight as the needle was withdrawn, thus pre-
venting escape of the injected material. Enough of the injurious agent was
injected to distend the vessel slightly. The ligated stretch was left in situ,
and the muscle, fascia, and skin closed with silk sutures. The animals were
sacrificed at varying intervals of time following this procedure, and sections
were made near the middle of the injected part of the artery for staining
with hematoxylin-eosin or other stains as indicated.
The purpose of milking out the blood was to eliminate the complication
of thrombus formation. However, a few of the sectioned vessels later showed
large amounts of blood in the lumen. The vessels which showed obvious
thrombus formation were eliminated from the final series. It should also
be emphasized that, during the process of freeing and ligating the vessel,
the vasa vasorum must be interrupted, but many of them undoubtedly regen-
erate from the surrounding tissue.
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The brief presentation which follows deals with effects sub-
sequent to double ligation of the carotid artery of the rabbit. This
is not a new experimental approach to the study of vascular disease.
Durante4 as early as 1871 noted intimal proliferation with the
production of fibrous tissue between the ligatures following double
ligation of carotid arteries in animals. Many of his experiments,
however, were complicated by secondary infections since aseptic
technic was not employed.
FiveyearslaterBaumgarten' studiedthepathogenesis ofthrombus
formation, and observed all three coats of the vessel wall after
double ligation. He ligated the arteries and veins in rabbits. An
inch-long stretch of a vessel was freed and the distal ligature placed
first. Sections of the segment of the vessel included between the
ligatures were made at varying intervals of time. These showed
a cellular proliferation in the intima of the arteries, without evidence
of infiltration or proliferation in the media and adventitia, except in
regions close to the ligatures. Here the threads of ligature appeared
to have ruptured all three coats of the vessel wall and a richly vas-
cular connective tissue proliferation resulted which extended in both
directions for a varying distance beyond the site of the ligature. In
areas at a distance from the point of ligature large and small cells
appeared within the intima. These raised the endothelium above
the internal elastic lamella and filled in the folds of the lamella.
This proliferation increased with time and narrowed the lumen.
The innermost cells Baumgarten described as elongated and arranged
in tiers. The outer stratum of the proliferating intima contained
what he referred to as radial streaming cells forming a loose irregu-
lar network. As this process progressed, he found the lumen nar-
rowed at times to pin-point size, but no further differentiation of
the newly formed tissue occurred.
Bottcher3, a pupil of Baumgarten, made the pertinent observa-
tion that when the ligatures are securely applied, blood between
the ligatures tends to remain fluid until the lumen is replaced by
proliferated tissue. He again raised the question of the origin of
the scar tissue which finally fills the lumen, but drew no definite
conclusions.YALE JOURNAL OF BIOLOGY AND MEDICINE
Over a period of 8 years from 1883 to 1891, Thoma"° 11, 12 pub-
lished his series of classical ligation experiments in which it was
shown that prolonged slowing of the blood stream in an artery or
vein is followed by either contraction of the media with subsequent
concentric atrophy of the vessel wall or, if the contraction of the
media is partly lacking, by a connective tissue thickening of the
intima. He conduded that the vessel wall always attempts to
adapt itself to the new form of the blood stream.
Beneke' and Pekelharing6 obtained results similar to those of the
investigators mentioned above, but conduded that stretching or dis-
tension of the vessel wall was the chief factor in inducing the prolif-
eration of tissue and that a thrombus, when present, acted as a
foreign body and induced proliferation.
Sokoloff9, three years later, doubly and triply ligated the
femoral and carotid arteries of dogs and rabbits, sometimes placing
the proximal ligature first, sometimes the distal, to leave blood in
the lumen under different pressures. He found that the intimal
proliferation noted by Baumgarten occurred when the ligatures cut
through the vessel wall, and did not when they were tied lightly.
He did not continue his observations longer than 22 days. There
was no constant thickening of the intima, and in most cases there was
little or none. He drew no definite conclusions from his work, but
tended to hold with Thoma that the vessel adapts itself to the form
of the blood stream. He found that in general the intimal thicken-
ing is greater in cases where the ligated stretch has a good collateral
circulation through branches.
MorerecentlySchaeffer7, SchaefferandRadasch8,andMalyschew5
corroborated these results, and added the observation that when
thrombus formation complicated the picture the intimal prolifera-
tion contained an abundance of delicate elastic fibrils. In addition,
the last-named author observeddefinite intimal thickening in arteries
ligated for two weeks, and elastic fibrils after four to five weeks.
He concluded that granulation tissue, presumably from organized
thrombi, grew in from the point of ligature, but that this process
was distinctly different from the avascular proliferation which took
place midway between the ligatures. Carrying his experiment
further, he transplanted vessels into the peritoneal cavity and
obtained changes similar to those seen in his ligated vessels, i.e., pro-
gressive, orderly, avascular intimal proliferation.
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Experimental Data
Seventeen rabbits were used in these experiments. The carotid
artery was completely freed from all surrounding fascia and con-
nective tissue, and any branches of the artery encountered in this
stretch were doubly ligated and cut. The proximal ligature was
applied, the blood was then milked from the vessel and the distal
ligature tied. Sections were taken above, between, and below the
ligatures. The contralateral vessel, in each case, was removed as a
control.
Sections taken between the ligatures show that two processes
arise as a result of ligation. The first, seemingly independent of
the local injury to the vessel wall caused by the ligature, consists of
an orderly proliferation of the elements of the intima, with cells
resembling the normal endothelial cells playing the most prominent
part. In the greater number of the specimens this proliferation
does not encroach to any great extent upon the lumen of the artery,
but rather consists of a thin layer of cells applied to the mural sur-
face (Fig. 1). In a few specimens in which the proliferation is
more extensive the zone immediately adjacent to the internal elastic
lamella is made up of aloose relatively acellular stroma, upon which
is a considerably thicker layer of elongated cells arranged circum-
ferentially. This inner layer, in turn, is covered by apparently
intact endothelium. It is not apparent that this proliferated tissue
is vascularized. (See Figs. 2, 3, 4, and 5.) In some cases an
elastic tissue stain reveals delicate elastic fibrils in the thickened
intima (Fig. 6).
The second process is associated with the regions near the point
of ligature and consists of a richly vascular granulation tissue, which
may fill the entire lumen (Fig. 7), and which is usually accom-
panied by a marked increase in the number of visible blood vessels
in the outer coats of the artery. In several sections there is evidence
that the two processes have occurred independently in the same
portion of the vessel. A longitudinal section through the region
of one of the ligatures (Fig. 8) indicates the possibility that the
granulation tissue may grow in from the site of ligature, as was
suggested by the authors referred to above.
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